Abstract: The interaction of carbonic anhydrase (CA) isozymes I and II with a series of As(III) derivatives, dialkyl and diaryl rac-2,3-dimyristoyloxypropyldithioarsonites, was investigated kinetically and spectrophotometrically, utilizing the native and Co(II)-substituted enzymes. Depending on the substitution pattern at the -As(SR)2 moiety of the investigated derivatives, inactive compounds were found for R phenyl or naphthyl, and active ones for derivatives containing carboxyl groups (R CH2COOH, cysteinyl and glutathionyl). Together with the arsonolipids previously investigated, the active compounds of this series the "lipothioarsenites"-constitute a novel class of CA inhibitors that bind to the metal ion within the enzyme active site, as proved by changes in the electronic spectra of adducts of such inhibitors with Co(II)CA.
Introduction
Inhibition of the zinc enzyme carbonic anhydrase (CA, EC 4.2.1.1) with sulfonamide 2'3 or inorganic complexing anions 3'4 was extensively studied for at least two reasons: the first type of inhibitors led to the development of several valuable clinical drugs, used in the treatment or prevention of glaucoma, gastric /i ulcers, mountain sickness or epilepsia among others, whereas the second major class of inhibitors, the anions, allowed the discovery of mechanisms by which inhibition (and also catalysis) occur. 9"11 Besides these two classes of compounds, inhibition was also reported by aniline, 9 phenol, 12 thiophenols and heterocyclic mercaptans 315 as well as for some P(V) 6 and As(V) derivatives. 7 Organic inhibitors from diverse classes possess a coordinating functional group (such as SH, OH, NH=, AsO3H2) generally attached to a bulky structural element (such as an aromatic/heterocyclic ring, possibly substituted with several side chains, but also aliphatic moieties are effective, for example perfluoroalkyl in the case of sulfonamides, 8 or dihydroxypropyl for arsonic acids7). Both these elements are extremely important for inhibition, as the first moiety generally interacts directly with the metal center or the solvent molecule bound to the metal ion, 2'3'9'9"22 whereas the second one assures stability to the enzymeinhibitor adduct by means of cooperative interactions with amino acid side chains lining the active site. This was well illustrated in the case of the sulfonamide inhibitors, by the report of the X-ray crystallographic 20.21 structures of several adducts of isozymes CA I -III with such inhibitors, by Liljas group.
Taking into account our interest in both sulfonamide as well as non-sulfonamide inhibitors of these enzymes 23, 24 which might lead to the development of novel therapeutical approaches (such as the design of specific NMR imaging contrast agents25, specific antiulcer drugs,26-etc) we recently investigated a large series of compounds for their effect upon these enzymes. Interesting activity was discovered for some organo- 26 16. 27 17 element derivatives containing Ge(IV), P(V) or As(V) Here we report the extension of such studies on As(III) derivatives, more precisely, the interaction of thioarsenites with isozymes I and II of CA.
Mention should be made that thioarsenites of the trype RAs(SR')2 were of pharmacological interest as antiparasite agents, TM since the nature of the R' moieties (present in the thiol from which they were prepared) could impart favorable solubility characteristics to them as well as to their metabolites, the biologically active arsenoso compounds ("RAsO"). 
Results hnd Discussion
Inhibition data with the newly synthesized racemic thioarsenites la-e are shown in Table I , against the two red cell isozymes CA I and CA II.
As seen from data of Table I , the "lipothioarsenites" 1 (this name was coined due to the structural -3. 6 37 similarity of such derivatives to arsonolipids 2, for whi6h CA II inhibitory properties were previously reported 7) are able to inhibit both CA I and CA II only when in the-As(SR)2 moiety there are COOH functionalities. Compounds substituted with aromatic groups (ld,e) are practically inactive (inhibition observed with these compounds at concentrations higher than mM (data not shown) may be due to a nonspecific hydrophobic interaction between the enzyme and the inhibitor). For the three active derivatives, la-c, the following observations can be made: (i) inhibitory power is greater when R moieties of the -As(SR)2 group are smaller (with small differences of activity between the mercaptoacetic acid derivative la and the cysteine derivative lb, but with a considerable loss of activity for the much bulkier glutathione derivative lc); (ii) derivatives la-c act as better inhibitors of CA I compared to CA II, as observed for anion inhibitors but not for sulfonamides. 2'9"38 It is also obvious that in order for a lipothioarsenite to act as inhibitor, a coordinating group must be present in its molecule, which in this case is probably the carboxyl moiety. However, the acylated (myristoylated in our case) propanediol moiety of derivatives la-c is also important for inhibition, since as seen from Table II , mercaptoacetic acid, L-cysteine or glutathione (the three thiols from which the thioarsenites were prepared) do not possess inhibitory effects at all. Enzyme activity in the absence of activator is taken as 100%.
Further information regarding the interaction of the active inhibitors with the enzyme was obtained by investigating the electronic spectrum of Co(II)-substituted CA II, and its adducts with inhibitors of type 39 
